Background
==========

Pancreatic cancer is considered as a chemoresistant solid neoplasm, has the eighth highest mortality rate, and is the fourth most common cause of cancer-related deaths in the world (both in industrial countries as well as in nonindustrial countries).[@b1-dddt-10-1961]--[@b3-dddt-10-1961] Approximately 80% of the patients have an unresectable tumor (locally advanced and/or metastatic) at the time of diagnosis, which leads to extremely poor prognosis of advanced pancreatic cancer.[@b4-dddt-10-1961] Some reports declared that patients with advanced pancreatic cancer only have 2--4 months as the median expected life span without chemotherapy treatment,[@b5-dddt-10-1961] and they were also reported to have the lowest 5-year survival rate, which was 6% compared with patients with cancers at other sites.[@b2-dddt-10-1961]

Single-agent gemcitabine has been the standard backbone of first-line chemotherapy for advanced pancreatic cancer based on the results of a Phase III trial comparing gemcitabine versus 5-fluorouracil, wherein gemcitabine demonstrated a modest survival advantage (5.65 vs 4.41 months, *P*=0.0025) and less toxicity.[@b6-dddt-10-1961] However, the improvement it brings is very modest because the median overall survival (OS) still remains less than 6 months.[@b6-dddt-10-1961] Subsequent trials designed to improve the poor clinical outcome of advanced pancreatic cancer by combining other cytotoxic drugs, such as fluorouracil, irinotecan, pemetrexed, oxaliplatin, exatecan, cisplatin, and capecitabine,[@b7-dddt-10-1961]--[@b14-dddt-10-1961] or targeted agents, such as bevacizumab[@b15-dddt-10-1961] with gemcitabine, have been conducted widely since then. However, most trials failed to show significant improvement in survival or response rate when compared with gemcitabine monotherapy. The failure of combination chemotherapy to improve the dismal prognosis of advanced pancreatic cancer means that new treatment regimens are urgently needed to further improve the outcomes of advanced pancreatic cancer.

Erlotinib was the first additional anticancer drug that statistically improved the OS according to the results of a randomized controlled trial (RCT) conducted by Moore et al, which directly compared gemcitabine with erlotinib (GemErlo) with gemcitabine alone.[@b16-dddt-10-1961] After that, in November 2005, erlotinib, in combination with gemcitabine, received US Food and Drug Administration approval for use as the front-line therapy for locally advanced and/or metastatic pancreatic cancer. Since then, more studies aimed at exploring the efficacy and safety of the combination of GemErlo were performed all over the world.[@b16-dddt-10-1961]--[@b39-dddt-10-1961] In those studies, some were retrospective trials and some were RCTs, whereas some were single-arm trials, but one thing these studies all had in common was that all or part of the patients enrolled received GemErlo regimen with or without comparison of gemcitabine alone.

We conducted this systematic review of available studies to further examine more comprehensively the efficacy and safety profiles of GemErlo for treating patients with locally advanced or metastatic pancreatic cancer.

Methods
=======

Search strategy
---------------

An electronic search of scientific literature published in the databases of PubMed/MEDLINE, EMBASE, and the Cochrane Library was performed using the MeSH terms and various free words such as "pancreatic neoplasm" or "pancreas neoplasm" or "pancreatic carcinoma" or "pancreatic cancer" and so on, which were simplified into "pancrea^\*^" in combination with "erlotinib or tarceva" and "gemcitabine" without language restrictions. It should be specially explained that the literature search was limited to "human studies" and "controlled clinical trial" or "randomized controlled trial" when using the EMBASE database due to the huge amounts of search results. The search period was from the establishment of each database up to October 2015. We also reviewed conference abstracts of American Society of Clinical Oncology to identify "gray literature". References of previous systematic reviews were scanned for any other relevant trials.

Selection criteria
------------------

Studies meeting the following inclusion criteria were considered eligible for inclusion in the analysis: 1) patients with locally advanced and/or metastatic pancreatic cancer; 2) treatment with gemcitabine plus erlotinib at any line; 3) patients reporting at least one of the following outcomes -- objective response rate (ORR; the percentage of the complete response and partial response in total measurable lesions after treatment), disease control rate (DCR; the percentage of the complete response, partial response, and stable disease in total measurable lesions after treatment), 1-year survival rate (the percentage of the patients who survive over 1-year in total patients), progression-free survival (PFS; time between diagnosis and progression or death for any cause), OS (time between diagnosis and death for any cause), and adverse events (AEs); and 4) studies having GemErlo-treated arm or single-arm prospective or retrospective.

Two independent reviewers assessed the eligibility of abstracts identified by the search. If the eligibility was ambiguous from the abstract, the full article was retrieved for clarification. Any disagreements between the two reviewers were resolved by discussion or through consultation with a third expert for final decision.

Data extraction
---------------

The extracted data are summarized as follows: 1) general information, including the first author's name and the year of publication; 2) design and implementation, including the study design, number of patients treated by GemErlo, age (median and range), percentage of male patients, performance status, original status before treatment, treatment line, specific dosage, and administration interval of GemErlo regimen; 3) ORR, DCR, 1-year survival rate, PFS, OS, number of each type of AEs stratified by severity; and 4) hazard ratio (HR), which identified the difference of PFS, and OS between GemErlo-treated arm and gemcitabine monotherapy arm. We also performed subgroup analysis according to the suspected factors, which may lead to heterogeneity between selected studies.

Statistical analysis
--------------------

We employed standard meta-analytic methods. The indicators of rates such as ORR, DCR, and 1-year survival rate were analyzed by applying MetaAnalyst with the random-effects mode.[@b40-dddt-10-1961] Between-study heterogeneity was evaluated with the Cochran's *Q*-test and the *I*^2^ statistic. A *P*-value ≤0.10 rather than *P*-value ≤0.05 for the *Q*-test or *I*^2^\>50% indicated significant heterogeneity between the studies.[@b41-dddt-10-1961],[@b42-dddt-10-1961] We further investigated potential sources of heterogeneity by arranging groups of the selected studies. The dosages of gemcitabine were divided into two groups: one was 1,000 mg/m^2^, while the other was \>1,000 mg/m^2^. Similarly, the dosages of erlotinib were divided into three groups, which were 100 mg/d, 100 or 150 mg/d, and 150 mg/d, respectively. According to the sample size, the studies were separated into the small studies and the large studies. The survival indexes (PFS and OS) in the GemErlo-treated arm and the gemcitabine monotherapy arm, as well as the difference between the two arms, were summarized descriptively because of the limited number of eligible studies that directly compared GemErlo with gemcitabine alone. Finally, publication bias was evaluated by using funnel plots.

Results
=======

Characteristics of the studies
------------------------------

A total of 519 individual studies were identified from our literature search, of which 117 duplicate researches were removed. After reviewing titles and abstracts, 342 were excluded initially, and 60 studies were thoroughly assessed by full-text reading. Finally, 24 eligible studies with sample sizes ranging from 15 to 301 and involving 1,742 advanced pancreatic cancer patients met the inclusion criteria.[@b16-dddt-10-1961]--[@b39-dddt-10-1961] The selection procedure of the eligible studies is presented in [Figure 1](#f1-dddt-10-1961){ref-type="fig"}. The detailed description of the selected studies is listed in [Table 1](#t1-dddt-10-1961){ref-type="table"}. Within the selected studies, there were five retrospective studies,[@b21-dddt-10-1961],[@b25-dddt-10-1961],[@b30-dddt-10-1961],[@b34-dddt-10-1961],[@b37-dddt-10-1961] nine single-arm Phase II trials,[@b18-dddt-10-1961],[@b19-dddt-10-1961],[@b22-dddt-10-1961],[@b23-dddt-10-1961],[@b27-dddt-10-1961]--[@b29-dddt-10-1961],[@b32-dddt-10-1961],[@b38-dddt-10-1961] six Phase II RCTs,[@b26-dddt-10-1961],[@b31-dddt-10-1961],[@b33-dddt-10-1961],[@b35-dddt-10-1961],[@b36-dddt-10-1961],[@b39-dddt-10-1961] three Phase III RCTs,[@b16-dddt-10-1961],[@b20-dddt-10-1961],[@b24-dddt-10-1961] and one Phase Ib trial.[@b17-dddt-10-1961] Among the studies, one RCT[@b16-dddt-10-1961] and a retrospective study[@b34-dddt-10-1961] investigated the difference between the GemErlo-treated arm and the gemcitabine monotherapy arm directly. The percentage of all the subjects that were male ranged from 44% to 72%. The median ages of patients in the selected studies were roughly equivalent, at approximately 59.5--68 years old. The performance status of the patients before treatment was found to be either over 60% according to the Karnofsky performance score or less than 2 according to the World Health Organization (WHO) performance score or less than 2 according to the Eastern Cooperative Oncology Group performance score. Most of the studies presented the initial status of the primary tumors of the patients. According to the international standard of tumor, node, and metastasis classification, locally advanced tumors are defined as Stage III, whereas metastatic tumors are defined as Stage IV, which accounted for much bigger proportion of the included advanced pancreatic cancer patients.[@b43-dddt-10-1961]

Among the studies that specified relevant issues, patients in one study were given GemErlo as first- or second-line therapy,[@b35-dddt-10-1961] whereas patients in other studies received GemErlo as first-line chemotherapy.[@b16-dddt-10-1961],[@b20-dddt-10-1961]--[@b30-dddt-10-1961],[@b32-dddt-10-1961]--[@b34-dddt-10-1961],[@b36-dddt-10-1961]--[@b39-dddt-10-1961] In all studies that provided relevant information, responses of tumor were evaluated according to the Response Evaluation Criteria in Solid Tumors, and the grades of AEs were assessed in terms of National Cancer Institute Common Terminology Criteria or the WHO criteria. The relatively common administration dosage of gemcitabine was the recommended dosage of 1,000 mg/m^2^,[@b16-dddt-10-1961],[@b17-dddt-10-1961],[@b20-dddt-10-1961]--[@b26-dddt-10-1961],[@b29-dddt-10-1961]--[@b39-dddt-10-1961] while some studies used more than 1,000 mg/m^2^.[@b18-dddt-10-1961],[@b19-dddt-10-1961],[@b27-dddt-10-1961],[@b28-dddt-10-1961] The first and second most common patterns of administration interval were "weekly for the first 3 weeks in a 4-week cycle"[@b23-dddt-10-1961],[@b27-dddt-10-1961]--[@b30-dddt-10-1961],[@b33-dddt-10-1961],[@b35-dddt-10-1961],[@b36-dddt-10-1961],[@b39-dddt-10-1961] and "weekly for the first 7 weeks in the first 8-week cycle then weekly for the first 3 weeks in a 4-week cycle".[@b16-dddt-10-1961],[@b20-dddt-10-1961],[@b24-dddt-10-1961],[@b31-dddt-10-1961],[@b37-dddt-10-1961] Erlotinib was administered at the dose of 100 mg/d in 17 studies,[@b19-dddt-10-1961],[@b20-dddt-10-1961],[@b23-dddt-10-1961],[@b25-dddt-10-1961]--[@b36-dddt-10-1961],[@b38-dddt-10-1961],[@b39-dddt-10-1961] 100 or 150 mg/d in three studies,[@b16-dddt-10-1961],[@b17-dddt-10-1961],[@b21-dddt-10-1961] and 150 mg/d in the remaining three studies.[@b18-dddt-10-1961],[@b22-dddt-10-1961],[@b24-dddt-10-1961]

Objective response rate
-----------------------

ORRs were reported in 20 studies,[@b16-dddt-10-1961]--[@b18-dddt-10-1961],[@b20-dddt-10-1961]--[@b23-dddt-10-1961],[@b25-dddt-10-1961],[@b27-dddt-10-1961]--[@b30-dddt-10-1961],[@b32-dddt-10-1961]--[@b39-dddt-10-1961] varying from 0% to 28.6%. Obvious heterogeneity (*I*^2^=35.7%, *P*=0.001) was present among the aforementioned studies. The pooled estimated ORR by the random-effects model was 14.4% (95% CI: 11.6%--17.7%; [Figure 2](#f2-dddt-10-1961){ref-type="fig"}). The results of subgroup analysis showed that heterogeneity was significantly reduced in the subgroup of sample size. According to the subgroup analysis, we concluded that the sample size was the potential source of the heterogeneity of ORR between studies. The combined ORR for the subgroups of the large studies and the small studies were 9.0% and 16.8%, respectively, which were close to the overall ORR ([Table 2](#t2-dddt-10-1961){ref-type="table"}).

Disease control rate
--------------------

DCRs were revealed in 19 studies,[@b16-dddt-10-1961]--[@b23-dddt-10-1961],[@b25-dddt-10-1961],[@b27-dddt-10-1961]--[@b30-dddt-10-1961],[@b32-dddt-10-1961]--[@b34-dddt-10-1961],[@b37-dddt-10-1961]--[@b39-dddt-10-1961] varying from 25.0% to 83.3%. Modest heterogeneity was reported among studies (*I*^2^=23.3%, *P*=0.094). The combined estimated DCR was 55.0% (95% CI: 51.5%--58.5%; [Figure 3](#f3-dddt-10-1961){ref-type="fig"}). The results of subgroup analysis showed that heterogeneity still existed between studies; this meant that we could not satisfactorily explain the source of the heterogeneity by the dosage and sample size ([Table 2](#t2-dddt-10-1961){ref-type="table"}).

Survival rate
-------------

Eight studies reported 1-year survival rates,[@b16-dddt-10-1961]--[@b18-dddt-10-1961],[@b22-dddt-10-1961],[@b23-dddt-10-1961],[@b27-dddt-10-1961],[@b29-dddt-10-1961],[@b37-dddt-10-1961] which was 28.5% (95% CI: 24.0%--33.4%), with modest heterogeneity between the studies (*I*^2^=29.4%, *P*=0.082; [Figure 4](#f4-dddt-10-1961){ref-type="fig"}). We did not conduct subgroup analyses due to the limited number of studies that provided relevant data of 1-year survival rates. In addition, three studies reported 6-month survival rates, which were 53.0%, 52.9%, and 41.2%, respectively.[@b22-dddt-10-1961],[@b30-dddt-10-1961],[@b35-dddt-10-1961]

PFS and overall survival
------------------------

PFS, which was reported in 13 studies, ranged from 2.63 to 9.6 months, but was mostly less than 5 months.[@b16-dddt-10-1961],[@b17-dddt-10-1961],[@b20-dddt-10-1961],[@b21-dddt-10-1961],[@b23-dddt-10-1961],[@b26-dddt-10-1961], [@b28-dddt-10-1961]--[@b30-dddt-10-1961],[@b34-dddt-10-1961]--[@b36-dddt-10-1961],[@b39-dddt-10-1961] Eighteen studies reported information of OS, which varied from 6 to 10 months.[@b16-dddt-10-1961]--[@b18-dddt-10-1961],[@b20-dddt-10-1961],[@b21-dddt-10-1961],[@b23-dddt-10-1961],[@b25-dddt-10-1961],[@b27-dddt-10-1961]--[@b30-dddt-10-1961],[@b32-dddt-10-1961],[@b34-dddt-10-1961]--[@b37-dddt-10-1961],[@b39-dddt-10-1961]

Adverse events
--------------

In total, 48 kinds of AEs caused by GemErlo in the patients were available in 21 studies ([Table 3](#t3-dddt-10-1961){ref-type="table"}).[@b16-dddt-10-1961]--[@b24-dddt-10-1961],[@b27-dddt-10-1961]--[@b30-dddt-10-1961],[@b32-dddt-10-1961]--[@b39-dddt-10-1961] The most common AEs (based on the number of the total patients who experienced the specific AEs) were hematologic reactions, such as leukocytopenia (61.4%), anemia (32.6%), neutropenia (27.8%), thrombocytopenia (25.9%); skin-related disease, namely rash (34.3%); gastrointestinal reactions such as nausea or vomiting (43.1%), diarrhea (34.2%), anorexia (22.4%), stomatitis (16.8%), drug-induced hepatic injury (36.1%); and some other treatment-related signs and syndromes such as fatigue (29.9%), infection (25.2%), and fever (19.2%). Other severe AEs, which had low incidence, included treatment-related deaths (3.0%) and interstitial lung disease (3.9%).

Comparison between GemErlo with gemcitabine alone
-------------------------------------------------

There are two studies that compared GemErlo versus gemcitabine monotherapy.[@b16-dddt-10-1961],[@b34-dddt-10-1961] Moore et al[@b16-dddt-10-1961] conducted an RCT aimed at examining the benefit brought by the addition of erlotinib to gemcitabine. Patients were randomly assigned 1:1 to receive gemcitabine at the standard dosage of 1,000 mg/m^2^ plus erlotinib at the dosage of 100--150 mg/d or gemcitabine plus placebo. The ORRs in GemErlo and gemcitabine/placebo arms were 8.6% and 8.0%, respectively, and DCRs were 57.5% and 49.2%, respectively; however, both of the response rates did not achieve statistical significance. On the other hand, however, patients treated with GemErlo gained statistically significant benefits in PFS (3.75 vs 3.55 months, HR =0.77, 95% CI: 0.64--0.92), OS (6.24 vs 5.91 months, HR =0.82, 95% CI: 0.69--0.99), and 1-year survival rate (23% vs 17%) compared with the gemcitabine plus placebo arm. As for the toxicity profile, patients who received GemErlo experienced higher frequencies of rash (72 vs 69), diarrhea (56 vs 41), stomatitis (23 vs 14), interstitial lung disease (7 vs 1), and treatment-related deaths (6 vs 0).

The other study conducted by Lim et al[@b34-dddt-10-1961] retrospectively compared the efficacy and tolerability between three regimens -- gemcitabine plus capecitabine, gemcitabine plus erlotinib, and gemcitabine alone for patients with advanced pancreatic cancer. We chose the latter two regimens for our meta-analysis. The ORRs in GemErlo and gemcitabine monotherapy arms were 15.9% vs 12.7%, DCRs were 59.1% vs 63.8%, 1-year survival rates were 22.7% vs 25.5%, PFS was 2.9 vs 5.2 months, and OS was 9.9 vs 10.4 months, respectively. Unfortunately, we could not obtain the data that identified whether the aforementioned indicators were statistically significant or not because the authors did not mention it in the literature. As for the toxicity profile, the frequencies of diarrhea (16 vs 9) and skin rash (11 vs 1) were higher in the GemErlo arm than the gemcitabine arm, while it was just the opposite for other AEs.

Analysis of publication bias
----------------------------

The shape of the funnel plots for the ORR ([Figure 5A](#f5-dddt-10-1961){ref-type="fig"}) and DCR ([Figure 5B](#f5-dddt-10-1961){ref-type="fig"}) appeared to be approximately symmetrical and indicated that publication bias might not have a significant effect on our results.

Discussion
==========

According to the recommendations of the latest version of National Comprehensive Cancer Network guideline, gemcitabine was regarded as the standard chemotherapy for locally advanced or metastatic pancreatic cancer.[@b43-dddt-10-1961] Many previous studies tried to combine gemcitabine with many cellulotoxic or targeted agents to improve the poor prognosis of advanced pancreatic cancer; however, they all failed to obtain satisfactory results. Erlotinib was the first additional anticancer agent used in therapy since Moore et al's[@b16-dddt-10-1961] RCT directly comparing GemErlo with gemcitabine alone.

Erlotinib is an oral small-molecule epidermal growth factor receptor tyrosine kinase inhibitor that blocks the signal transduction pathway, which plays a critical role in the differentiation, proliferation, programmed cell death (apoptosis), angiogenesis, invasion, and metastasis of cancer cells.[@b44-dddt-10-1961] Erlotinib has shown antitumor activity in pancreatic cell lines.[@b45-dddt-10-1961] Human pancreatic tumors contain high levels of epidermal growth factor receptor expression, which is associated with worse prognosis.[@b46-dddt-10-1961]--[@b48-dddt-10-1961]

This systematic review and meta-analysis comprehensively evaluated the benefits and toxicities of GemErlo with or without gemcitabine alone for patients with advanced pancreatic cancer. In this review, 24 reports were identified by systematic search strategy. The heterogeneity in ORRs between the studies was reduced by the subgroup analysis of sample size.

According to this systematic review, the ORR in GemErlo-treated patients ranged from 0% to 28.6%, with a weighted estimate of 14.4%, while previous reports had indicated that gemcitabine monotherapy resulted in an ORR of 4.4%--23.8%.[@b6-dddt-10-1961]--[@b15-dddt-10-1961],[@b49-dddt-10-1961],[@b50-dddt-10-1961] The DCR produced by gemcitabine alone in the previous studies varied from 34% to 57.1%,[@b12-dddt-10-1961]--[@b15-dddt-10-1961],[@b49-dddt-10-1961],[@b50-dddt-10-1961] while GemErlo regimen increased DCR to a range of 25.0%--83.3%, with weighted estimate of 55%. Judging from the present data, the results of ORR and DCR seemed consistent with that of Moore et al[@b16-dddt-10-1961] who found no significant differences according to ORR and DCR. Weighted estimate of 1-year survival rate was 28.5%, which varied from 18.5% to 53.3%, which was superior to the result of the previous studies in which 1-year survival rate ranged from 11% to 37.2%.[@b6-dddt-10-1961],[@b8-dddt-10-1961],[@b10-dddt-10-1961]--[@b14-dddt-10-1961],[@b50-dddt-10-1961] The PFS of the included studies ranged from 2.63 to 9.6 months and the OS varied from 6 to 10 months, which were slightly longer than the PFS (2.2--4.0 months)[@b7-dddt-10-1961],[@b9-dddt-10-1961],[@b10-dddt-10-1961],[@b12-dddt-10-1961],[@b13-dddt-10-1961],[@b15-dddt-10-1961],[@b49-dddt-10-1961] and OS (5.0--8.2 months)[@b6-dddt-10-1961]--[@b15-dddt-10-1961],[@b49-dddt-10-1961],[@b50-dddt-10-1961] demonstrated in the previous studies that used gemcitabine alone. This is also consistent with the results of Moore et al's trial.[@b16-dddt-10-1961] Taken together, GemErlo treatment brought slight improvement according to the PFS, OS, and 1-year survival rate compared with gemcitabine alone; however, GemErlo regimen failed to improve the tumor response rate.

As GemErlo treatment has been shown to bring slight improvement for patients with advanced pancreatic cancer compared with gemcitabine alone, when facing the choice of treating with GemErlo or gemcitabine in combination with other anticancer drugs, the clinical efficacy and safety should be taken into consideration. However, few studies have compared GemErlo or gemcitabine plus other chemotherapies directly in a single trial. Only one retrospective multivariate matched-pair analysis performed by Stuebs et al[@b25-dddt-10-1961] compared GemErlo with the combination of gemcitabine plus docetaxel. They found no significant differences between the two combinations in the efficacy profile. On the basis of the available studies that investigated the comparison between gemcitabine with other anticancer agents and gemcitabine alone, the ranges of ORR, DCR, 1-year survival rate, PFS, and OS of the combined treatment arms were 6.8%--26.8%,[@b7-dddt-10-1961]--[@b15-dddt-10-1961],[@b49-dddt-10-1961],[@b50-dddt-10-1961] 48.7%--79.3%,[@b12-dddt-10-1961]--[@b15-dddt-10-1961],[@b49-dddt-10-1961],[@b50-dddt-10-1961] 11.3%--34.7%,[@b8-dddt-10-1961],[@b10-dddt-10-1961],[@b11-dddt-10-1961]--[@b14-dddt-10-1961],[@b50-dddt-10-1961] 3.4--5.8 months,[@b7-dddt-10-1961],[@b9-dddt-10-1961],[@b10-dddt-10-1961],[@b12-dddt-10-1961],[@b13-dddt-10-1961],[@b15-dddt-10-1961],[@b49-dddt-10-1961],[@b50-dddt-10-1961] and 5.8--9.5 months,[@b7-dddt-10-1961]--[@b15-dddt-10-1961],[@b49-dddt-10-1961],[@b50-dddt-10-1961] respectively. Our results seemed to be roughly equal to all the aforementioned indicators except for the PFS and 1-year survival rate, which were slightly better than the combination of gemcitabine plus other chemotherapies.

Each chemotherapy regimen, including the GemErlo treatment regimen, has treatment-related AEs. According to our review, the most common AEs were hematologic toxicities, rash, and diarrhea. Four studies regarded the grade of skin rash as a potential prognosis factor.[@b16-dddt-10-1961],[@b20-dddt-10-1961],[@b29-dddt-10-1961],[@b32-dddt-10-1961] Moore et al[@b16-dddt-10-1961] found that the median OS for patients with grades 0, 1, and 2+ rash were 5.3, 5.8, and 10.5 months, respectively; the 1-year survival rates were 16%, 9%, and 43% (*P*\<0.001). Coincidentally, Van Cutsem et al,[@b20-dddt-10-1961] Aranda et al,[@b29-dddt-10-1961] and Park et al[@b32-dddt-10-1961] also noted that the more severe the skin rash of the patients treated with GemErlo, the better the response rates and survival rates.

Nevertheless, our meta-analysis also had some limitations, which need to be addressed. First and most important, relevant RCTs exploring the difference of efficacy and safety between the GemErlo-treatment arm and gemcitabine monotherapy arm have not been conducted extensively; for this reason, most of the selected studies were a series of single-arm prospective studies and retrospective studies, which could lead to heterogeneity between studies. Second, some of the included studies were the abstracts of the American Society of Clinical Oncology, thus preventing us from obtaining more complete information regarding the characteristics of the patients, regimens, and outcomes. Third, the sample sizes of the selected studies were small, which could lead to bias. Future studies are needed to further assess the other nontherapeutic factors, such as the economic conditions, primary disease, and nutrition status, which might also affect the outcomes of GemErlo treatment. More high-quality, large-sample, multicenter, randomized controlled clinical trials, which report detailed tumor response, survival, quality of life, and AEs on a deeper level, are urgently needed to determine the efficacy and safety of GemErlo treatment.

Conclusion
==========

Based on the results of this meta-analysis, GemErlo treatment was shown to have a favorable therapeutic effect in patients with locally advanced or metastatic pancreatic cancer. Most of the AEs were tolerable, while some severe AEs needed careful detection. To make more efficient regimens for patients with advanced pancreatic cancer, the comparison between the GemErlo treatment and gemcitabine in combination with other cytotoxic drugs or targeted drugs warrants further study.
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![Forest plot of meta-analysis on ORR.\
**Notes:** ^a^Excluded three patients with immeasurable lesions from 15 patients; ^b^excluded 42 patients with immeasurable lesions from 106 patients. The gray squares indicate the ORR of each study; the red square indicates the pooled overall ORR of all the studies; the transverse line indicates the 95% CI.\
**Abbreviations:** CI, confidence interval; ORR, objective response rate.](dddt-10-1961Fig2){#f2-dddt-10-1961}

![Forest plot of meta-analysis on DCR.\
**Notes:** ^a^Excluded three patients with immeasurable lesions from 15 patients; ^b^excluded 42 patients with immeasurable lesions from 106 patients. The gray squares indicate the DCR of each study; the red square indicates the pooled overall DCR of all the studies; the transverse line indicates the 95% CI.\
**Abbreviations:** CI, confidence interval; DCR, disease control rate.](dddt-10-1961Fig3){#f3-dddt-10-1961}

![Forest plot of meta-analysis on 1-year survival rate.\
**Notes:** The gray squares indicate the 1-year survival rate of each study; the red square indicates the pooled overall 1-year survival rate of all the studies; the transverse line indicates the 95% CI.\
**Abbreviation:** CI, confidence interval.](dddt-10-1961Fig4){#f4-dddt-10-1961}

![(**A**) Funnel plot of meta-analysis on ORR. (**B**) Funnel plot of meta-analysis on DCR.\
**Abbreviations:** ORR, objective response rate; DCR, disease control rate.](dddt-10-1961Fig5){#f5-dddt-10-1961}

###### 

Baseline characteristics of included studies for meta-analysis

  Study                                     Study design                   Patients, n   Male, n   Median age (range)   Performance status   Initially status, n                                  Line          Criteria for response   Criteria for AEs   Treatment regimen
  ----------------------------------------- ------------------------------ ------------- --------- -------------------- -------------------- ---------------------------------------------------- ------------- ----------------------- ------------------ --------------------------------------------------------------------------------------------------------
  Dragovich et al[@b17-dddt-10-1961]        Phase IB trial                 15            NA        63 (29--82)          KPS ≥80              Locally advanced, 5; metastatic, 10                  NA            RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly for 1st cycle (7 weeks), then weekly ×3 every 4 weeks + Erlo 100 or 150 mg/d
  Moore et al[@b16-dddt-10-1961]            Phase III RCT                  285           136       63.7 (37.9--84.4)    ECOG 0--2            Locally advanced, 67; metastatic, 218                1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×7 weeks for 8 weeks, then weekly ×3 every 4 weeks + Erlo 100 or 150 mg/d
  Ardavanis et al[@b18-dddt-10-1961]        Single-arm, Phase II trial     27            16        63 (47--74)          ECOG 0--2            NA                                                   NA            RECIST                  NCI CTC            Gem 2,000 mg/m^2^, in 2-week cycles + Erlo150 mg/d
  Bengala et al[@b19-dddt-10-1961]          Single-arm, Phase I/II trial   20            NA        64 (50--79)          NA                   NA                                                   NA            NA                      NA                 Gem 1,500--2,500 mg/m^2^, 10 mg/m^2^/min weekly ×2 every 4 weeks + Erlo 100 mg/d
  Van Cutsem et al[@b20-dddt-10-1961]       Phase III RCT                  301           188       61 (33--85)          KPS ≥60              NA                                                   1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×7 weeks for 8 weeks, then weekly ×3 every 4 weeks + Erlo 100 mg/d
  Cheng et al[@b21-dddt-10-1961]            Retrospective                  20            12        65 (36--77)          KPS ≥60              Locally advanced, 5; metastatic, 15                  1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×2 every 3 weeks; Erlo 100--150 mg/d
  Milella et al[@b22-dddt-10-1961]          Single-arm, Phase II trial     46            25        64 (35--81)          NA                   NA                                                   1st           RECIST                  NA                 Gem 1,000 mg/m^2^, 10 mg/m^2^/min weekly + Erlo 150 mg/d
  Okusaka et al[@b23-dddt-10-1961]          Single-arm, Phase II trial     106           56        62 (36--78)          ECOG 0--2            Locally advanced, 18; metastatic, 88                 1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×3 every 4 weeks + Erlo 100 mg/d on days 3--28
  Boeck et al[@b24-dddt-10-1961]            Phase III RCT                  67            38        63 (38--75)          KPS ≥60              Locally advanced, 12; metastatic, 55                 1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×7 weeks for 8 weeks, then weekly ×3 every 4 weeks + Erlo 150 mg/d
  Stuebs et al[@b25-dddt-10-1961]           Retrospective                  26            NA        NA                   NA                   NA                                                   1st           NA                      NCI CTC            Gem 1,000 mg/m^2^ + Erlo 100 mg/d
  Kim et al[@b26-dddt-10-1961]              Phase II RCT                   46            30        61                   ECOG 0--1            NA                                                   1st           NA                      NA                 Gem 1,000 mg/m^2^, weekly ×4 every 4 weeks + Erlo 100 mg/d
  Feliu et al[@b27-dddt-10-1961]            Single-arm, Phase II trial     42            22        62 (47--79)          ECOG 0--2            Locally advanced, 6; metastatic, 38                  1st           RECIST                  NCI CTC            Gem 1,200 mg/m^2^, 120 minutes, weekly ×3 every 4 weeks + Erlo 100 mg/d
  Llarena et al[@b28-dddt-10-1961]          Single-arm, Phase II trial     62            36        63 (37--78)          ECOG 0--2            Locally advanced, 16; metastatic, 46                 1st           NA                      NA                 Gem 1,500 mg/m^2^, weekly ×3 every 4 weeks + Erlo 100 mg/d
  Aranda et al[@b29-dddt-10-1961]           Single-arm, Phase II trial     153           82        64 (54--72)          KPS ≥60              Locally advanced, 28; metastatic, 125                1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×3 every 4 weeks + Erlo 100 mg/d
  Jeon et al[@b30-dddt-10-1961]             Retrospective                  34            20        59.5 (35--73)        ECOG 0--2            Locally advanced, 3; metastatic, 27 Recurrent, 4     1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×3 every 4 weeks + Erlo 100 mg/d
  Modiano et al[@b31-dddt-10-1961]          Phase II RCT                   39            NA        NA                   NA                   NA                                                   NA            NA                      NA                 Gem 1,000 mg/m^2^, weekly ×3 every 4 weeks + Erlo 100 mg/d
  Park et al[@b32-dddt-10-1961]             Single-arm, Phase II trial     69            50        62 (31--83)          ECOG 0--3            Locally advanced, 6; metastatic, 63                  1st           RECIST                  WHO                Gem 1,000 mg/m^2^, weekly ×2 every 3 weeks + Erlo 100 mg/d
  Van Cutsem et al[@b33-dddt-10-1961]       Phase II RCT                   75            34        63 (41--84)          ECOG 0--1            NA                                                   1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×3 every 4 weeks + Erlo 100 mg/d
  Lim et al[@b34-dddt-10-1961]              Retrospective                  44            25        63 (32--78)          ECOG 0--2            Locally advanced, 11; metastatic, 26; Recurrent, 7   1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×2 every 3 weeks + Erlo 100 mg/d
  Wilmink et al[@b35-dddt-10-1961]          Phase II RCT                   61            27        63.9 (44.5--79.5)    WHO 0--2             Locally advanced, 16; metastatic, 45                 1st and 2nd   NA                      NA                 Gem 1,000 mg/m^2^, weekly ×3 every 4 weeks + Erlo 100 mg/d
  Philip et al[@b36-dddt-10-1961]           Phase II RCT                   59            35        64                   ECOG 0--2            NA                                                   1st           NA                      NCI CTC            Gem 1,000 mg/m^2^, weekly ×3 every 4 weeks + Erlo 100 mg/d
  Diaz Beveridge et al[@b37-dddt-10-1961]   Retrospective                  55            32        62 (43--80)          ECOG 0--2            Locally advanced, 22; metastatic, 33                 1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×7 weeks for 8 weeks, then weekly ×3 every 4 weeks + Erlo 100 mg/d
  Semrad et al[@b38-dddt-10-1961]           Single-arm, Phase II trial     30            15        67 (46--84)          ECOG 0--2            Locally advanced, 4; metastatic, 26                  1st           RECIST                  NCI CTC            Gem 1,000 mg/m^2^, weekly ×3 every 4 weeks + Erlo 150 mg/d on days 2--5, 9--12, and 16--26
  Benavides et al[@b39-dddt-10-1961]        Phase IIb RCT                  60            34        64 (29--78)          ECOG 0--2            NA                                                   1st           NA                      NA                 Gem 1,000 mg/m^2^, weekly ×3 every 4 weeks + Erlo 100 mg/d

**Abbreviations:** RCT, randomized controlled trial; NA, not available; KPS, Karnofsky performance score; ECOG, Eastern Cooperative Oncology Group; WHO, World Health Organization; RECIST, Response Evaluation Criteria in Solid Tumors; NCI CTC, National Cancer Institute Common Terminology Criteria; Gem, gemcitabine; Erlo, erlotinib; AEs, adverse events; d, day.

###### 

Results of subgroup analysis for ORR and DCR

  Subgroups               Studies (n)   Weighted estimates (95% CI)   Heterogeneity test
  ----------------------- ------------- ----------------------------- -------------------------
  **ORR**                                                             
  Dosage of gemcitabine                                               
   1,000 mg/m^2^          17            13.3 (10.7--16.4)             *I*^2^=32.6%, *P*=0.013
   \>1,000 mg/m^2^        3             21.6 (12.8--34.0)             *I*^2^=34.2%, *P*=0.111
  Dosage of erlotinib                                                 
   100 mg/d               14            15.3 (12.1--19.2)             *I*^2^=35.8%, *P*=0.006
   100--150 mg/d          3             8.2 (5.6--11.8)               *I*^2^=0%, *P*=0.396
   150 mg/d               3             15.1 (7.7--27.6)              *I*^2^=30.6%, *P*=0.143
  Sample size                                                         
   Large studies          3             9.0 (7.1--11.3)               *I*^2^=0%, *P*=0.363
   Small studies          17            16.8 (13.8--20.2)             *I*^2^=18.8%, *P*=0.157
  **DCR**                                                             
  Dosage of gemcitabine                                               
   1,000 mg/m^2^          15            55.2 (52.2--58.2)             *I*^2^=8.7%, *P*=0.257
   \>1,000 mg/m^2^        4             53.7 (37.8--68.9)             *I*^2^=41.3%, *P*=0.017
  Dosage of erlotinib                                                 
   100 mg/d               13            54.2 (49.8--58.6)             *I*^2^=28.8%, *P*=0.060
   100--150 mg/d          3             59.8 (48.0--70.5)             *I*^2^=23.1%, *P*=0.193
   150 mg/d               3             53.4 (43.7--62.9)             *I*^2^=0%, *P*=0.294
  Sample size                                                         
   Large studies          3             57.0 (53.4--60.5)             *I*^2^=0%, *P*=0.340
   Small studies          7             53.9 (49.0--58.8)             *I*^2^=26.6%, *P*=0.069

**Abbreviations:** ORR, objective response rate; DCR, disease control rate; CI, confidence interval; d, day.

###### 

AEs on GemErlo treatment for advanced pancreatic cancer

  Type                         Studies (n)   Grade 1/2 % (n/N)[\*](#tfn3-dddt-10-1961){ref-type="table-fn"}   Grade 3/4 % (n/N)[\*](#tfn3-dddt-10-1961){ref-type="table-fn"}   Total % (n/N)[\*](#tfn3-dddt-10-1961){ref-type="table-fn"}
  ---------------------------- ------------- ---------------------------------------------------------------- ---------------------------------------------------------------- ------------------------------------------------------------
  Treatment-related deaths     7             Not available                                                    Not available                                                    3.0 (29/976)
  Hematologic                                                                                                                                                                  
   Anemia                      18            31.6 (332/1,049)                                                 7.1 (89/1,245)                                                   32.6 (421/1,291)
   Leukocytopenia              7             38.0 (86/226)                                                    27.4 (62/226)                                                    61.4 (148/241)
   Neutropenia                 17            8.0 (82/1,020)                                                   13.9 (159/1,147)                                                 27.8 (356/1,282)
   Thrombocytopenia            19            25.9 (277/1,069)                                                 5.2 (63/1,216)                                                   25.9 (343/1,326)
  Gastrointestinal                                                                                                                                                             
   Anorexia                    5             18.8 (124/659)                                                   3.6 (24/659)                                                     22.4 (148/659)
   Diarrhea                    18            25.1 (293/1,167)                                                 3.3 (44/1,328)                                                   34.2 (340/1,404)
   Nausea/vomiting             15            43.3 (402/927)                                                   4.2 (40/953)                                                     43.1 (443/1,029)
   Stomatitis                  7             16.0 (118/737)                                                   0.8 (6/737)                                                      16.8 (124/737)
   Hepatic injury              7             47.0 (71/151)                                                    8.4 (20/237)                                                     36.1 (91/252)
   Rash                        18            34.3 (443/1,292)                                                 3.9 (55/1,388)                                                   34.3 (504/1,469)
  Other                                                                                                                                                                        
   Asthenia/fatigue            13            27.7 (295/1,065)                                                 6.4 (77/1,200)                                                   29.3 (374/1,276)
   Fever                       3             18.7 (81/434)                                                    0.5 (2/434)                                                      19.2 (83/434)
   Infection                   5             12.4 (61/492)                                                    9.7 (48/492)                                                     25.2 (109/492)
   Interstitial lung disease   3             3.5 (23/655)                                                     0.4 (3/655)                                                      3.9 (26/655)

**Note:**

n/N indicates number of patients who experienced that particular AE/total number of patients in the studies that presented the particular AE.

**Abbreviations:** AEs, adverse events; GemErlo, gemcitabine plus erlotinib.
